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Abstract The DNA adduct S-hydroxyT-deoxy- 
guanosine i!f-OHdGl has been widely used as a bio¬ 
marker for oxtdatne stress. Bulks DNA adducts, a hteh 
are detectable by the • <: P-postiabellmg method, pro¬ 
vide evidence for exposure to and metabolic actuation 
of large, mainly apolar compounds, e.g. polycyclic aro- 
mauc hydrocarbons. We determined both types of ad¬ 
ducts m placental tissues of 30 term pregnancies and 
related the adduct levels to the exposure to tobacco 
smoke and the plasma antioxidant status l nne and 
plasma eotinme concentrations were used to select 10 
nonsmokers. 9 nonsmokers exposed to environmental 
tobacco smoke tETSi and I I smokmn women. Placental 
levels of x-OHJG were o.N4 = il.I~l. (i.W-OIl and 
tis3—|i2lt It' deoxvguanostne bases idGi tor non- 
sinokcr'. nonsmokers exposed to ETS and smokers, 
respectively. The differences between the groups were 
not significant Smoking women had signiticatitlv 
lower plasma vitamin C and //-carotene concentrations 
than nonsmoking women or nonsmoking women ex¬ 
posed to environmental tobacco smoke. The n-OHJG 
adduct level in placental DN A was inversely correlated 
with the pla'iiia vitamin F; concentration m = - 0.-T. 
/’ <tin.s) There was no association between placental 
x-OHdO adducts and vitamin A. C and ,/-carotene m 
plasma. In total. 15 different adducts could be ivlentitied 
m the 3o placenta samples by the '• P-postlaheiling 
method There was a strong mler-indoidual variation 
m botii the number of adducts and adduct intensities 
No smoking-related or vitarnm-reiaied ctlects on ad- 
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duet patterns or intensities were found. Our nudities 
suggests that, within the limits of the methods used. 

<sure during pregnane} does not 
lead to a measurable increase tn placental DNA adduct 
levels and that vitamin E appears to have a protective 
effect on placental S-OHdG fori .ation. 

key words b-Hydroxy-2-deoxyguanosine • 

DNA adducts ■ Placenta ■ Smoking Antioxidants 

Abbreviations S-OHdG S-hvdroxv-3 -deoxyguanosine 
ETS environmental tobacco smoke 


Introduction 

Covalent binding of chemicals to DNA ladduct forma¬ 
tion] is considered to be an important early event in 
carcinogenesis i Harris 1991 1 . DNA adducts, deter¬ 
mined til target or surrogate human tissues, can pro¬ 
vide information on exposure to carcinogens for use tn 
cancer*rtsk assessment. DNA from human placental 
tissue is a useful dosimeter for carcinogen exposure 
during pregnancy since placental tissue is available in 
large amounts and has an inducible metabolic capacity 
to activate and detoxify carcinogens as well as to repair 
DN A adducts iPasanen and Pelkonen 1990; Whv.itt 
ct a! 199>, In human placental DNA. v unous adducts 
of unknown chemical structure have been detected by 
the : P-po-ulabellmg method i Everson et .il. 19x6. 
19xx. Randerath et al. 1 9X6; Redd} et al. 19901. Three of 
these adducts have been found to be increased in pla¬ 
centae of smoking women (Everson et ai. 19S6. 19sS; 
Randerath et al. 19S6i No significant effect of smoking 
on adduct levels of polycyclic aromatic hydrocarbons 
has been reporlcd when either enzyme-linked im¬ 
munosorbent assay < ELtSAl techniques i Everson et a!. 
:■! so. I9xx. Hatch et al. 1990) or synchronous fluores¬ 
cence spectrometry 'Manchester ct al, [990i have been 
,.'CJ s>mox;ng aiso has not been shown to increase me 
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k\d of (r-meihylskv'Adaar.t'sineaJJadis in place:'.-, a! 
tissue iF-nlas et al. 1 sv 1 

The prominjiTerue DN-\ adduct x-nydrow-2 - 
Jeowiiuuno^ino ix-OHdGi i- lormed fi\ reactive ova- 
gen species. :n particular hydroxy! radical- 'OH* 
(Fischer-Nielsen et al l444i and t-, an established 
biomarker lor oxidatix e DNA damage iSiugcnaga el al 
14S4. F)o>d I44ii; Loti e! al. |44.A|. [n man. increases in 
S-OHdG adduet formation have been observed follow¬ 
ing physical activity i Pouisen et al. I^h, after smoking 
iKivosaua et al. 1990: Loft et a! 1443; Suzuki et al. 
!945i. with exposure to ear exhaust iSuzuki et al, 14451 
as well as during chrome hepatitis iShimcda et al. 
1444i. Intake of antioxidants can suppress S-OHdG 
formation i Fraga et al. 1441; Simic and Bergtoid 144|| 
Higher b-OHdG levels in placental DNA from smokers 
compared to nonsmokers were found by an enzyme- 
linked immunosorbent assay (ELISA) but not by high- 
performance liquid chromatography iHPLCl with elec¬ 
trochemical detection lYm et a!. 1445i. 

The purpose of our investigation was to determine 
f>-OHdG by HPLC with electrochemical detection and 
evaluate the formation of DNA adducts by -'-P-post- 
labelling in term plac ntal tissues of healthy women, 
classified according to their eotintne levels in plasma 
and urine as either nonsmokers, nonsmokers wiih ex¬ 
posure to environmental tobacco smoke (ETS) or 
smokers. The relationship between S-OHdG levels and 
the plasma concentrations of the vitamins A. C. E and 
//-carotene was also examined In addition, the in vitro 
formation of S-OHdG by different fractions of main¬ 
stream cigarette smoke was investigated in the presence 
and absence of metabolic actuation 


Materials and methods 

Sc'-Xlton «i;n)ccl« ,mJ colie-lien at sample- 

t ran’, s population of nca.ihv «nmcn lakir.g pan m .i ,Unu.il 
study on I he I!'*l icnee .•! ens ironmental fa-dors on the -our-c anj 
-iincome o; p'uiur.o. >u sebie-js were selected according la their 
self-reported smoking habit- anJ io ihetr conning level- in piasma 
and urine The studv vvjs approved by ihe ethics commission of 
l mver-itv . : Homnurg Sajr The suhitfcts Cave their unarmed con- 
sem before neme ■-T.roileU in ihe -iuJv Subiect- were -da-ilied a- 
non-moker- a-e- "lev reported ‘hat Kiev had no; -ni-'kcJ daring 
preer.ar.c;. ,ir.a tnetr plasma and urine carmine concentrations were 
negligible ■ ■ I ne mi and -t I"ug g sreaunine. respectively. sub- 
tecls were classified as nonsmokers exposed to ETS. when :hey 
reported :n.i: ir.ey had not smoked during pregnancy and their 
plasma and urine eoiinme cdneeniraiions were in tne ranges 
I Hint! ml and or hi lyiait t crejlinine. respectively Suhiccts 
weresljssincd as smokers '.then Ihev reported Ih.u the' had smoked 
rcculjrlv during pregnanes or when ihcir plasma and urine uvnnine 
levels were greater man tone ml and or erealer man I'KKiju g 
crcaumne. respe-aivelv One ‘ubiesi ins' vi claimed, to be a non- 
>moker. K .1 ’ -.sjs cl.issitteJ a- a -moke: on the basis ol sot.mue 
plasma and urine levels Hdtvidaa! data it age. datiy cigarette 
sonsumpt O!: C'wai statu' • ' the -poiise Hv exposure at Porte 
c ’',in:r.tu ,r,.irtC a r i r j j nu pi.i»mu si 1 ".cmr.i• 


a ‘tts testers' ar.d tpeiveendes..'led .f F-? e . V!..;:'' 

. d sample'Oi mb and spot urine :;t r.c- were c.uteetsd d.c:“- 
adrrtss.or. lor labs': and delivery X 5-c nornta; .Toe- tissue .jptp - 
"a- aoseeteatr-'m tne eenlrai area ol ihe pi.ieeni.i immed'.-ato 


In v:tr • Ibrtr.ation of s-OHJG in calf ihvmus DNA by 
iraets ■rtated (objeco smoke 

The tn vitro formation of x-OHdG n> vanoa- fractions -•! tobacco 
smoke w a- studied by incubation in an in vitro te-; medium consist- 
ms ''I ' me calf thymus DNA in 1 r ml u 1 M TRI5 HCI burter ipH 
“ft containing T'r m M XfaCl.. r'pntXf glucose ■■-phs'sphale 
iSlumo. Deisenhofem Germany I. o ~? m M LDT A, n ~? rrAl NAOP 
•Sicrr.ai, f L' elueose n-phosphaie dehydrogenase iLeuconv>stoe 
mesenieroides. Siemai. HfmM r -phO'phoaden-'-oie r -phs"- 
phosuliaie ipiuka GmbH. N’eu t. Im. Germany i.n;mM aeciyl-Co A 
'Siemai and 0 15 mV! NADPH -Siemai Whole eisaretie -nis'se 
condensate was e-jileeted on a Cambridge liSier iBorgssaldt \(I 
Hamburg. Germany! by drawing eight putts per cigarette 
la? ml puff. I puff min. d s puff duration! by means of a 50-ml glass 
syringe. Cigarette smoke condensate was evtracted from the filter 
with a 'elone An acetone concentrate of 25(1 ul. containingeiaarelle 
smoke conJenauie from rive commercial hirer cigarettes, was incu¬ 
bated with 1.5 ml calf thymus DNA test medium for S h at C 
Whole mainstream smoke of a cigarette i-X puffs = 2S0mli was 
passed through Id ml calf thymus DNA tes medium. The ie>i 
medium svu; transfered to a I6d-cm- cell-culture flask and the 
headspace in the flask was replaced with dMi ml cigarette smoke 
The cest medium was incubated for ft h at a - C The gas phase 
fraction of cigarette smoke was obtained by smoking cigarettes 
through a Cambridge tiller to remove the particulate phase and 
bubblme the smoke through Id ml calf ihvmus DN X test medium 
using an identical procedure The headspace was replaced wuh 
d'liml Cambridge-filtered cigarette smoke jnd the test medium 
meubated for ? h al ?~ C All incubation- were performed in the 
absence anJ presence of bib al tper 1.5 ml test mediumi hepatic S4 
fraction ‘-niOOu supernatant fraction from aroclor-mduced male 
Sprague-Daw ley rats Alter ineubatis'n. the test medium solution- 
were stored at. - >c C until analysis DNA iSs'lation and determin.i- 
tn-n of k-OHJG were, perk'rmed as described beUsw 


Deierrmruiion --f v-OHJG in calf ihy mus DN A and placenlal DNA 

frozen placenral lis-ue- were thawed and washed three times in 
pH ” k pho-phale-bulTered saline About slMImg tissue was homo¬ 
genized in a 5 ml phosphate-buffered saline jnd stored on ice DN A 
wj. extracted Ifs'iTi 15 ml placenul homogenate or 0.5 ml calf 
thymus DNA test medium wuh a nucleic acid extractor Imetdel 
uisa. Applied Btosy -terns Wenerxtadt. Germany i by the proteinase 
K pnenol method according to the manufacturer's instructions 
Helium wa- a-cd io transport reagents ihrs'ugh Ihe system, Preespi- 
taied DNA was recanstituied in JegasseJ water under an inert 
nitrogen atmosphere ji ros'm temperamre This method avoids 
arteljviual '-Of-idG formation during treatment with phens'l 
C'iaycamp TWdi DNA samplesi ItX) ugi were hydrolyzed to nucleo¬ 
sides bv secjuemial incubation with t> L PemaHium curium nuclease 
PI iSigmai in dOmXt sodium acetale at pH 46 for I h al A - C. 
followed bv i 5 L alkaline phosphause (Sismai in 50 mM K.H , PO. 
ji pH "h lor ih ai 5" C under nitrogen in the dark 
DeovyguanO'ine idGi and s-OHdG were determined immediately 
by HPLC after DNA hydrolysis iShigenaga.ei al 14<>ai. The 
HPLC s.siem consisted of a model d510 soisent delivery svstem. 
mode 1 -awn jut-'sampler with sample loop and mode! 4d - n 
•rtecrjt v A run GmbH. DjrmstaJt. Germany i Separations acre 
pr. rmed ' ■ reversed-phase chrs-mats'graphy using a aBondap.ik 
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t ; - ivA.uers GmbH E'ChK’rn. GerrnatVv i and 

I-.. . r-i bupclc.'vil LC. •l.'i-DBi.k'iumn :Si i rmj-'jupek.i 

tor, nil l)civc;vi.'len Germain• hv tvvicratie elution 11 h ; omM 
KH.f >| i_ pH ' ' ■ I'li.nnine methanol i' .i j| .1 flow r.iie of 
■ ‘ '•■■■ I' f i'.i.- duller iij. nltcrcd through J 0 22-i.m (liter 11 > pe 
< , \ \\ i c c“ «. \[.iiipi<rc GmnH. E'chtvrn. Germain i and degassed 
■v.ir r-v-:. ■..•!( Dew. guanosirtc idGi wji Jetevlcd at -Mom rv 
:ifdc : 2' ,: 'i i \ detector iVurun GmbH 1 and '-OHdCi tn 
.. t '....vcn II electrochemical detector ifcSA. I 5-V with me 
a...i>J-.v.. ..‘Itaue se-i_i,v — 1 1 s.o V., detector I in -.>f2A ,inj 
2' - ’JnA Si.mJjrd reference '-OHilli [V..; R..jger. 

I ■: liertu. Avi'inat and Jti <6iania' used *-m- 

, ... -er.ii:.-!! .qrve .wcjr the ranee Oh4 j • ” :i\f )Hjti 
,o:d ij ‘ jCi The limn <>f detection t'-'r s-OHaG was 

••4nii\| .jpprov tl I.' '-OHdG ! * I * JG nuleolidesi Adduct 
were evpresscd a, moiur rauos 


[>e'er:r,;r.i:,.'it , pueerua! DN \ adducl, f*v ' - P-pi.'liabel'.tng 

I>N \ .1.;-: .-G :i r. ;r ; ,i- placentae were anaJv/cd a,...'rd;r.c ' '.he 
:■ .. ■' G..p:.i .: a. GapG Js pre-..-a-..". reported H.-i.’ 

.. ■ " !l- .-..e '.sv'iuled pia_eu:.ii DN A -uv diaeoed : - 

t ;e ■' ‘.j - : r I '' I \l ■. -■ c c . 'i> itu- lease- Sirma . are ' “tl 


phosphodiesterase U iSigmat for 2 h at 3“' C Nucleotides that had 
■ormed adducl, were enriched hv the nuclease-Pl-enhancemeiu 
proved ure iRedds and RanJerath 14is6t. The digest was incubated 
for I h ji 3" C with 2 -T jjl '• 25 M sodium acetate. pH 5 0 . [ ad yj 
t>3mM ZnCI■ and tiw ul nuclease PI 1 5 ng pi. Caibiochem. Bad 
.“Wen Germany The reaction was terminated b\ addition >.4 
I 42 a I TRIS base Digested and nuclease-PI-treated DNA >-l 5 ugj 
w as labelled with earner-free (y'-PjATP i h bOkBi|, 
a ; > < TBq mmol. __\mersham Buchler GmbH. Braunschweig. 
Germans i and Tj-poivnucleoude kinase '0 53 ' iBoehringer 

<i~i'H- mm at 3" C E.vcess ATP was removed in t? |! mG 
js. 1 1 u I > 1 apsrase i Signs.ii An aliquot ^ the ON A digest was labelled 
prior to nyuease PI Ireaiment n s'rder to determine libelling 
e.'bciene;. for ru*rmal nucleotides Bencofajpjrenc-’.s-Jiol-a.IO- 
epoMde-modiried calf thvmus DNA < 10 giei and calf ihsmus DN A 
■ In uai were used as posiine and negative controls, respeetivelv 
Aliquois .liiul equivalent io 3 9 ug DNAi of the labelled 
nucleotides ner: separated b> chromatograph;, on 10 * 10cm pv’t>- 
ethvier.eiraine-cellulose plates ipcnvgram CEL 3‘X) PEI. Macherev- 
Nagek Daren Germans i bv multidirectional thm-iaver chromato- 
craphv The fidlowirte mobile phases were used isee F:a ati. 
.DJ = 1 M AaH ; PO,. pH -'i. D2 = 3,5 M litniam formate s ; \l 
..rea. pH 5 D.' = ' ' M .:mam chloride 0 5 M TRIS * 5 M urea. 

pH 1 = v DJ - : - M \aH ; PO.. pH - ■> Adduct pattern, were 
.Ouj.irec ar.ct aaar.rineu a.- relative addud .apeii.ng s,-ei 
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J Bn'-sm.ii:.n'.J.'--' B • s ka.a-a xv.-'v • 

harJi. Ga-rmunvi Re.alive -auac: .,w;.:ng -.aiw' -'ire aatiRve .i- 
—th■ ■ ^pRi-■ a! .-i.W'U.-" rc ■-—Raa ,-■! .-.'.M-.'l.J.:' a.-MUae 

ihe thctorutivai rale- .if n t!t. ,i, :* auit-V'tiaes pin- ivac-iViev- in-.', 
had K 1 rmcJ jCCuat- RvdCv and Ratiua'-jih W-hi 

Dfierminjlk'P •'! ‘iimnc 

Catmine in plasma and urm; Has deserminaJ j-ina j muJilteC 
niJi.nminunoaisj’. , LatMcnc j: ui pf.w 

Deiermmution of pl.t-tr.j >-arwiene x-nwpherul. '.m'-Ttunol .ma 
MUnun C 

X-Car.uuic. v-nvi'phcrol anJ fair-ret in.'I in pta-ma ware eatt.-:- 
miniii bi HPLC with LA JLkxru'n tBu.kdf-M e; jJ !4 sm Vitamin 
C was determined pfiolomeiricalU as 14-diniiri'phcntlhvdrjrunc 
vm microtiter plate-lAlbane-re et al if'?! 

Determination of creatinine tn urine anti cholesterol 
and trighcerities in plasma 

Creatinine was measured iceordmc to the Jatfe method usine a aim- 
mercral kit i Merck AG. DarmstuJt. German }> Cholesterol and 
tricheerides in plasma were determined phoiometricullv on micro¬ 
ti :cr plales a ill; uummereial reagent - :l - iBoehrmaer GmhKl 

Statist leal analtsis 

The three groups of women inon-moker-. ronsmokers espOSed (t' 
ETS. smokers' were compared using the unpaired SiuJentA t-tesi 
Correlations between the S-OHdG JG ratios and the untiovidani 
eoneenlraiitins in pi.i>mj were performed witli the Pejfsor. proJuci- 
iifomen! procedure iSigrnaStat. JatiJel Sciemita GmbH. Erlrath. 
Germans i 


Results 

b-OHsJG formation in vitro 

S-OHJG formaiion in Mtro by cigjreue mainstream 
smoke fraction^, in the absence and presence of a meia- 

Lift. I f-s'rn'.mon of s-hsdross- 40 

2 -Jeovsguanosine t'-Oh'JG ■ in 
-ail thv mils DC A after m mi to 
incubation with siillerem 
fraction- of trains!ream 
Cluaretle smoke Espenmcnls 
1 l) were pettormed b\ 
ineuhanon .n I'm! test 
medium L'.persrnents £ H were 
performed rw buhhime eieare'.te 
stroke through I 2 ml test 
medium and subsequent 
headspjee ev p,u ure to smoke 
1 see Materials and methojsi 


poac .ic'.ivaiion >ystem. i> show a :r. I :e ! k mp.mc.: 
to '.he background adduct e\ ei wahout iF.c ;\ 
and vsitti tH- metabolic actuation t - .-*" and 5 '5 
s-OHuG in' dG. respecti\el\l. adduct formation ir.- 
creased to lb.! and 33.i 'i-OHJG lit 4 JG alter incuba¬ 
tion wall cigarette -smoke condensate in the absence i(G 
and presence >Di of a metabolic activation s\stent, 
re.-pectively. Thccsperimcnts with whole smoke or cas- 
phasc exposure iFig. IE-Hi showed that the adduct 
rsites after treatment w ith w hole maimdream smoke < E ■ 
or the gas phsise ol mainstream smoke iGk without 
metabolic activation. were close to the background 
rates. Substantial increases to a similar extent in 8- 
OHdG adduct rates were observed with mainstream 
smoke if i and the gas phase of mainstream smoke i Hi 
with metabolic activation. 


F-OHdG in placentaf DNA 

K-OHdG adduct levels of nonsmoking I with or without 
ETS exposure! and smoking women are presented in 
Table 2 and individual levels shown in Fig. 2. There 
was no statistically significant difference between these 
three groups. When the smoking women were grouped 
according to their cotinine plasma concentrations into 
classes of !es$ than 100. 100-200 and more than 
200 ng ml. mean 8-OHdG levels of 0.S9 m = 4 1 , 0.S4 
In - 3) and 0.7S in = 4i per 10 ? dG. respectively, were 
found 

Viiamtn C plasma concentrations were significantly 
(P<Q.05i lower in smoking women 1 14 S — 3.5 mg li 
than in .nonsmoking women exposed to ETS 
116 3 ~ 2.1 mg I! (Table 2 j, No difference was found be¬ 
tween nonsmoking women exposed or not exposed to 
ETS. /7-Carotene concentrations were higher in unex¬ 
posed nonsmokers i0.40 — 0.14 mg [| as compared to 
levels in nonsmokers exposed to ETS ld.30 r 0,10 ms b 
and smokers (0.29 ; 0.11 mg Ik Only the difference 
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A Control 

B Control * metabolic activation system 
C Cigarette smoke condensate 

D Cigarette smoke condensate 
* metabolic activation system 

E Mainstream smoke 

F Mainstream smoke 

«■ metabolic acit-vation system 
3 Gas phase of mainstream smoke 

H Gas phase of mainstream smoke 
+ metabolic activation system 
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' MLimikjniK ditTcrciu from smokers i P c<i0?i 


i A 


A 



H" 2 s-H ; r-. w-2 'ueMWiLu^rK^me levels ir? htirrun 

r»Muj«T4. -IS \ i 1 ' lit nonsmokers. 4 p.issjve smoker-. .«nj II 
•r-. k,'s jr::::neu i»> hich-pcrftirmana* liquid chromjtouraph) 
witii jiLc'k-ur.emiua; Jelccium f rift J su i n i "i' u'i./ ^.rs mc^ns jnd 
sj.ir.d.ode mi-., rjspcurneh 

K e'.wecu -mokcr* and nonsmokers without ETS expo¬ 
sure '.\j\ xigmticant iP <tiil5i Vitamin E and -\ con- 
.entr.itim-s vsere-.t.uisttcjliv nor signineanth different 
.av.iv’j me lhrec groups investigated iTabie 2 Tr'.e 


results were similar after standardization of the lipid- 
soluble v itamins (vitamins A and E. /7-carotene) for the 
triglyceride or cholesterol levels in blood idata not 
shown i. A significant negative correlation ir = -0.4V 
P <r0.05| was found berween plasma vitamin E and 
placental R-OHJG concentrations but not between the 
placental S-OHdG adduct level and the plasma vitamin 
A. CT and /f-carolene concentrations I Fig. J), The signif¬ 
icant inverse relationship between vitamin E and S- 
OHdG disappeared after standardization for plasma 
cholesterol, since both vitamin E and plasma choles¬ 
terol were correlated ir = 0.61. P = 0.0011. 


Placental DNA adducts determined 
h> P-postlabelimg 

Representative autoradiograms of calf thymus DNA 
inegative control!, calf thymus DNA that had formed 
adducts with ber.zo[c(]pyrene-".R-dio!-9. 10-epoxide 
positive control), placenta! DNA of a nonsmoker. 
.; nonsmoker exposed to ETS and a smoker are shown 
in Fig 4 A total of If different adducts were observed 
in the .'0 placental DNA samples (schematically shown 
in Fig 4f; spot 16 vvas used as ihe reference area), 
4. large imer-mdividuai variation was observed in 
terms of adduct patterns and intensities. On average. 
6 or ~ different adducts were found in placental DNA. 
regardless oi the smoking status. Individual relative 
adduct labelling values Ithe sum of distinct adduct 
spots on the autoradiogram! of placental DNA for '.he 
’ll women, grouped according to their exposure to 
tobacco smdtce. varied m the ranges IA5 19 4(J. 
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Fig. A O'rroljnon beiween K-hv<JrJxv-2 -deoxvcuanosine H-OHJGl 
in pljcenul DSX and anuovidani cenceruruitons in plasma of 
nimstnokers iMk. nonvmokers exposed to environmental tobacco 
vtTK’lve 1ETS1 1Ai and smoVcrs l #t Linear regression lines - - • si?" « 
confidence intervals 


4.12 - J 2.10 and J.” T S-1 is.50 [O' 1 nucleotides for non- 
smokers. n.onsmokers exposed to ETS and smokers, 
respectively tFig. 5t. There was no significant difference 
among the three groups (Table 21. Among the 30 sub¬ 
jects examined, no specific adduct was detected that 
was related to smoking status, cigarette consumption 
or cotirrine concentrations in plasma or urine. There 
was no association between the plasma vitamin A. C. 
E and //-carotene concentrations and the relative ad¬ 
duct labelling values. 


Discussion 

The results of the in vitro experiments suggest that 
meiabolically activated constituents of the gas phase of 
mainstream cigarette smoke were mainly responsible 


for 8-OHdG adduct formation in our test system, since 
whole mainstream smoke and gas-phase mainstream 
smoke form similar amounts of 8-OHdG. Cigarette 
smoke condensate also induced S-OHdG adduct 
formation. However, the absolute 8-OHdG adduct 
levels induced by cigarette smoke condensate and 
mainstream smoke |whole mainstream smoke or gas 
phase only) could not be directly compared because of 
differences in the type and dosage of exposure. Our 
background values of 5 65—7.47 S-OHdG 10 5 dG are in 
good agreement with those reported in another in vitro 
experiment with calf thymus DNA i5.3—0.3 
8-OHdG !0 5 dG, Fischer-Nielsen et al. 19941. but 
much higher than the adduct leveis found in DNA 
of human lymphocytes t0.77-1.28 8-OHdG 10 f dG. 
Hanaoka et ai. 1993), leukocytes 11.O’ 7 —0.23 
8-OHdG 10- dG. Tukeuchi et 'al. \994). liver 
li e 7 -0.21 8-OHdG 10 ? dG; Shimoda et al. 1994i, 
kidney (3.6 ± 0.2Q_S-OHdG 10 5 dG; Okamoto et al, 
1994 1 and placenta tO. 1-1.0 8-OHdG 10 5 dG, Yin et al. 
1995 and 0.50-1.12 S-OHdG 10 5 dG; this study. Fig. 2). 
Commercially available calf thymus DNA might con¬ 
tain elevated lev els of S-OHdG as a result of oxidation 
during the isolation procedure with phenoi and or 
oxidation during storage time, 
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Vrtctaclual oxidation of the nucleotides during isola- 
!:on and storage of DV\ is j major problem when 
s -OHd(j is used as a btomarker for oudame nITlSn . 1 1 
■.he D\ V leva! .Ua>eamp Ido:. Harris G e: a! lsW4i 
ri'.ereto'e. we los'k several precautions to asoid ariin- 
*:a. '"ac e hide oxidation isee Materials and methods! 
foe leu '.jriatien ot about III”., when duplicate sarr.- 


pies uere determined, together with the Fact the range 
of '■-OHdG adduct concentrations in placental DNA is 
comparable with that found by others (Yin et al. I995i. 
suggests that attefactuai formation of s-.OHdG u as not 
a major problem in our studs. 

In our group of 30 women, we found no smoking- 
r elated increase in vOHdG in placental DNA. This is 
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Fig. 5 Total relative adduct Libelling tR-tli values m human pla¬ 
cental DN V of 10 nonMnokers. 4 minsmokers exposed to environ¬ 
mental tobacco -.moke iETSi and 1! smokers. determined by 
,; P-piMl.ibcllmg with nueleaie Pi enhancement Filled mih/m/v itiul 
ho i . means anJ standard JevutK'iis. respective!) 


in agreement with results of Vin et af.l I W5i. when they 
measured placental 8-OHdG by HPLC with electro¬ 
chemical detection. However, these authors also deter¬ 
mined S-OHdG with an ELISA technique and found 
sixfold higher adduct levels compared to the HPLC 
method. 

N-OHdG. determined by ELISA m smokers (5.0 I0 ? 
dGi. was found to be significant!) higher than that in 
nonsmokers 13.2 KT dG| I Yin et al. 199 5 1 .Interesting!), 
no significant ditTerence was found when women with 
high (more than 25 ng mil and low iless than 5 ng mil 
plasma eounine levels were compared. Yin et al, (|995| 
argue that plasma conmrte. being a short-term marker 
of smoking exposure. mu) be less appropriate for clas¬ 
sification of subjects than questiormnaire data. Obvi¬ 
ously these authors assume that the half-life of 
S-OHdG m placental DNA is longer than the plasma 
half-ljfe ofeotinme, which has been found to be about 
16 h (Scherer et al. 19881. In fact, the half-life of 
8-OHdG in placental DNA is not known. Therefore.an 
etleet of smoking could have been mtsvcd when this 
adduct ts repaired rapid!) within a few hours. Since the 
tune of the last smoke before delivers has not been 
assessed in our stud), we can only indirect!) deduce 
this from the plasma cntimne levels. Cotinme concen¬ 
trations above 200 ne ml suggest that smoking took 
place within the last 6h before deliver) The Sack ot 
a JilFerence in S-OHdG levels in placental DNA in the 


-mokmg women with plasma cotinme concent ran. a- 
.ipove 200 ng ml compared to those with cotinme c.m- 
eentr.ition of 100-200 or below luting mi would. ;n 
our view, imp!) that smokingwithm the last !cvv hours 

does not lead to an increase in the S-OHdG adduct 
level measurable by HPLC with electrochemical detec¬ 
tion in placental DNA. This interpretation of the data 
is also compatible with the lack of a smoking-related 
increase in S-OHdG in studies on lymphocytes 
*Ki)Osawa et ai. 1990; Hanaoka et a! 199.5 1 . leukocytes 
iTakeuchi et al, lWi and bronchial alveolar lavage 
cells iTaffe et al, I99li. On the other hand, elevated 
urinary excretion of S-OHdG is reported in smokers 
compared to nonsmokers i Kayosavva et al. 1990: Loft et 
al. 1995). A significant increase from 3.3 — 0.x to 
5.1 — 2.5 8-OHdG 10'’ dG has been reported in 10 
smokers ^within 10min of smoking two cigarettes 
(Kiyosawu et‘"al.”’1996|. A probable explanation for 
these findings is that 8-OHdG adducts are repaired 
rapid!) and excreted via urine. Excision repair of 
8-OHdG adducts occurs in mammalian cells 
(Yamamoto et al. (992: Inoue et al. I993| and the 
placenta of the patas monkey (Lu et al. 1993). Since 
smoking is unlikely to occur within a very short time 
(e.g. less than I hi before delivery, there would be suffi¬ 
cient time for repair to occur in the placenta. 

Dietary factors as well as endogenous and exogenous 
antioxidants modulate the formation of 8-OHdG 
iSimic and Bergtold 199lj. The urinary excretion of 
8-OHdG and thymidine glycol is reduced after intake 
of a diet rich in fruit and vegetablesiSimic and Bergtold 
1991). S-OHdG in sperm DNA is inversely related to 
ascorbic acid in seminal fluid (Fraga et al. 1991). Re¬ 
duction of dietary vitamin C intake from 250 mg day 
to 5 mg day over 32 days led to a 50“o increase in 
S-OHdG in sperm DNA iFraga et al. 19911. In agree¬ 
ment with other studies (Chowet al. 1986: Stryker et al. 
1988: Schectman ct al. 1989. Harats et al. 1990: Subar 
et al. 19901. we round significam;y lower plasma levels 
of vitamin C and //-carotene in smokers compared to 
nonsmokers (Table 2). Other studies also report signifi¬ 
cantly tower plasma concentrations of vitamin C. E and 
//-carotene in smoking compared to nonsmoking preg¬ 
nant women (Norkus et al. 19187. 1989). Vitamin C and 
E concentrations sn our group of 30 women were slight¬ 
ly higher than those reported in the general female 
population in Germany iHeseker et al. 1994 1 . Vitamin 
E is reported to increase during pregnancy, which is 
partly due to gestational secondary hyperlipidemia 
t Haga et al. 1982: L’otila et al. 1991; von Mandaeh et al. 
1993). //-Carotene concentrations in our study wore 
similar to those measured in the general female popula¬ 
tion in Germany 10.35 compared to0.5I mg liiHeseker 
eta]. 1994), whereas vitamin A levels were significantly 
lower We found a statistically significant inverse rela¬ 
tionship between vitamin E plasma concentration and 
placental S-OHJG adductstFig. 3i. However, no rela¬ 
tionship between placental s-OHJG adduct levels and 
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pki'ma \r.uir.tn A, C and ^-carotene was observed 
(hie, .-! file tack oi art association with vitamin (. 
pla'ina concentrations >eems to be in. contract to 
rr.". :oii- result' reporting an invert relationship 
twee;; '-OHdG adducts trt sperm DNA and ihe as¬ 
corbic jc:J level trt seminal fluid tFraga et al. Null 
How er. in that study the relationship wa> dominated 
by “ of 24 -.uFleets with very low vitamin C levels 
in semen 

Although d protective effect of vitamin E toward' 
cancer development has been suggested bv epi¬ 
demiological studies iComstock et al 19921. n remains 
coniroverMai whether /-tocopherol inhibits X-OHdG 
formation in man iLoft et a) 1992: Brown et al. J99 pi. 
Loll et al. tl992i reported no association between uri¬ 
nary n-OHJG excretion and self-reported vitamin E in¬ 
take m V" healthy subjects. Brown et ak (|995 i found 
a sigtuiicant positive correlation between urinary 
''■OHdG excretion and plasma z-tocopherol concen¬ 
tration ti- = o.94~. P = 0.00011 in cystic fibrosis pa¬ 
tient' The authors suggest that vitamin E might be 
involved in the excretion of 8-OHdG iBrown et al. 
l'W5t In rats and mice treated with chemicals known 
to induce .'-OHdG formation, supplementation with 
•/-tocopherol either decreases tOgawa et al. 1995: 
Takagi et al 1995) or has no effect iHalltweil and 
Gutteridge !9S6: Masuda et al, 1991. Lmegaki el al. 
199.'. Slien et al. 1995) on the X-OHdG levels in liver or 
kiJue.v DN \ Our demonstration of an inverse rela¬ 
tionship between plasma vitamin E and placental 8- 
OlldCi level' i' m accordance with tindings showing 
that elevated vitamin E concentrations adequately con- 
:r.>i lints! peroxidation during pregnancy (L'otila et al 
1**91. von Mandach et al. 1999). An imbalance between 
vriainm E ; . atid s'Xidattve 'tress during pregnane) may 
: c'uit in preeciampsut t Wang et al. 199 [ i. The lack of an 
a"ociaiu'ii between /i-earotene or vitamin A plasma 
concentration' and placental X-OHdG adduct levels is 
m agreement with other findings iLoft et al 1992. Van 
Poppel et al 1995c show mg no association between 
these vitamins and urmarv S-OHdG excretion 

[)\\ adduct'determined by tiie P-po'tlabelling 
meihi'd with Pi enhancement were found in the pla¬ 
cental tissue of all of) women, regardless of their expo¬ 
sure n> tobacco smoketTable 2). This is consistent with 
other uwestimations using the same method tE 1 .erson el 
a I 1't'fv. I'txs. Randerath et al 19X6; Manchester et al 
i o/i i Reddy ct al 19V(M In a series of studies. Everson 
el al i Everson et al. 19X6, I9XX. Randerath et a! [ v, '6i 
oriserved three dilTerent smoking-related adducts m 
human placentae One adduct was detected tn 2X ot ?0 
snu'kine women and in 4 of 2.’ nortsmokinu women 
■Iverson et al 19s ;m The relative adduct labelling 
vaiue ot thw adduct in human placenta was estimated 
be about 5 |o'i Randerath et al |9X6 i In contrast to 
;ne imjmus of these narking groups < Everson et al 
i-isr. piss Randerath et al I9,sf>i. we obsorveu no 
.i.ita'.i'.e i b :g 4i or quantitative (Tabic 2. Fig 5idif- 


terences m the placental DVWddaM patterns \_ 

nonsmoking, nonsmoking ETS-exposed, or smoko o 
W omen. The mobile phases of the I'our-direetion'j; ih-' 
fp.er chro-atography used in our studv were stmii ,V 
those applied bv Randerath et al. il9M-.i and E-.e7on 
et al. 1 19X6. 19XXi and identical to those used in a pre¬ 
vious studv iHolz et al. I99di m which smokimz-related 
adduct spots could be identified m peripheral mono- 
c.vtes. We cannot exclude the possibility that smokma- 
related adducts are masked bv other adducts. However 
the questionnaire data gave no evidence for other 7a. 
mlieant exposures to chemicals at the workplace, at 
liame or from the environment 

in another study (Reddy et u|, 1990) with the PI 
version of the '’P-postlubelltng method, a total of 12 
different adducts have been observed in human pla¬ 
centae from nonsmokers exposed or not to residential 
wood combustion smoke. No exposure-related adducts 
could be identified, and the chromatographic proper¬ 
ties of the adducts observed did not match those for' 
m I ne. mm.v-txosafrol or safrol. Total 

relative adduct labelling values of all adducts ranged 
from 7 .54 to 25 96 10^ nucleotides compared to 
1."8-19,90 10“ nucleotides found n our study. 

In contrast to these findings. benzo[ii]pyrene-de- 
rived adducts have been detected in human placentae 
bv P-postlabelling with PI enhancement and syn¬ 
chronous fluorospectrometry tManchester et al. 1990. 
I992t. Metabolic capacity was found to be the principal 
determinant for benzo[u]py rene adduct formation 
i Manchester et al. 1992). The estimated adduction rate 
of benzo[a]py rene was 0.1-0.5 fmo! pg DMA (5.4-1" 
adducts 10“ nucleotides! in placental DVA i.Munches- 
teretai 19901. The same group (Manchester et ai. 19921 
reported benzo[uJpyrene adduct levels in placental 
DN A of less than 20-71 finol mg (below 0.7-2 10“ nu¬ 
cleotides). Other studies, using ELISA techniques with 
antibodies specific for polycyclic aromatic hydrocar¬ 
bon groups, have reported the presence of unidentified 
adducts in placental tissue tEverson et al 1986, 19SS; 
Hatch et al. 19901 Neither in these studies nor in an 
investigation of O'-methyldeoxyguanosme adducts tn 
placental D\A iFoiles el al. 1988) was a significant 
effect of maternal smoking found Everson et al. 1 I986i 
reported adduct levels of polycyclic aromatichydrocar¬ 
bons of 0 5" ! 65 fmo! pg DNA 112-55 10“ nueleo- 
tidesi The quantitative data on adduction rates tn 
pkieent.il DN A illustrate that there is a high variability 
ol the values reported. 

In summary, the studies available today fail to 
and significant increases in placental X-OHdG. ben- 
Zs'[a]pvrene and ET'-methvIdeo.xvguanosine adducts in 
smoking women when compared to nonsmoking 
women, although tobacco smoke h;>< been shown to 
form these DNA aJduets both tn vitro and in vivo On 
•he other hand, three distinct adducts of unknown 
cnemtcai structure, detectable with the • P-postlabell- 
mg method, are reported to be significantly associated 
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with smoking i£\er»'r. ct ul. l^ sv . Randsrjth 

et ai. No firm explanation can be offered lor fh‘ 

discrepancies between these findings. Identification ol 
the chemical structure of these adducts would be help¬ 
ful to resolve this guestion. The lack ot a smokmg- 
rdated increase m placental DNA adducts ot knov\n 
chemical structure might be due to methodological 
limitations, to efficient repair and or to the lact that, 
compared to other exogenous and endogenous sources, 
srnokins results in a low burden of potent italic 
genotoCtc substances. Finally. our results suggest 
a protective role of vitamin E against the formation of 
,S-OHdG adducts in placental DNA. 
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